T ourette syndrome (TS) is part of a spectrum of tic disorders. Tics are sudden, rapid, stereotyped, repetitive, nonrhythmic movements or vocalizations affecting discrete muscle groups, and are preceded by a sensory component. Patients in whom tic suppression is attempted report the experience of a sensation of inner pressure that must be released. This eventually results in the performance of motor movement or vocal sounds. TS is a disorder of childhood onset that is characterized by multiple motor and vocal tics. In some cases, there are features of obsessive compulsive disorder (OCD), attention defi cit hyperactivity disorder (ADHD), or other behavioral manifestations such as coprolalia, echopraxia, palilalia, and self-injury.
1,2 The spectrum of tic disorders includes:
• Transient tics of childhood (tic duration less than 12 months) • Chronic motor or vocal tics (lasting more than 12 months), and • TS (variable motor and vocal tics lasting more than 12 months). Many children meet the diagnostic criteria for TS between the ages of 6 and 9 years, but symptoms may improve by adulthood. The eventual loss of tics over time refl ects the maturation of brain systems that control ballistic action. 3 The tics that accompany TS may be defi ned as simple or complex, and as motor or vocal. Simple motor tics involve only a few muscles, such as eye blinking, shoulder shrugging, or facial grimacing. Complex motor tics involve multiple groups of muscles that are recruited in orchestrated bouts (eg, hand gestures, jumping, touching, or pressing), and may include copropraxia (a sudden tic-like vulgar, sexual, or obscene gesture) or echopraxia (involuntary, spontaneous imitation of someone else's movements). Simple vocal tics are meaningless sounds such as throat clearing, grunting, sniffi ng, snorting, and chirping. Complex vocal tics involve speech and language such as sudden, spontaneous expression of single words or phrases, or speech blocking. 4 Tics may be acquired as a consequence of other disorders, including head trauma, encephalitis, stroke, carbon monoxide poisoning, Creutzfeldt-Jakob disease, neurosyphilis, hypoglycemia, or Sydenham chorea. 5 Genetic disorders such as Huntington disease may be associated with tics. Tics may also occur with certain chromosomal abnormalities or be associated with some neuropsychiatric disorders. Finally, tics may be TICS AND TOURETTE SYNDROME caused by a large number of medications or illicit drugs, including cocaine, amphetamines, antipsychotics, and antidepressants.
The prevalence of all types of tics in childhood is approximately 6% to 12%, although the prevalence of chronic vocal tics is approximately 1 to 10 per 1,000 children and adolescents. 6 TS is especially common among autistic children and in those with Asperger syndrome and other autistic spectrum disorders. A survey of patients at Cleveland Clinic Florida found that tics and TS accounted for 8% of all patients with movement disorders. Of patients with tics or TS who were older than 18 years, 70% were male.    PATHOPHYSIOLOGY OF TOURETTE SYNDROME: ROLE OF THE BASAL GANGLIA Although the pathophysiology of TS is not completely understood, abnormal function of the basal ganglia is thought to be a central component of the disorder. The basal ganglia normally act to facilitate voluntary movements while suppressing competing involuntary ones. Abnormalities of basal ganglia activity are important in several disorders of motor function. 7 Output neurons from the basal ganglia inhibit thalamic motor nuclei and midbrain neurons of the extrapyramidal motor system, and act to inhibit motor pattern generators in the cerebral cortex and brainstem. Hyperkinetic disorders, including tics, chorea, and dystonia, are thought to result at least in part from impaired inhibition of unwanted motor activity from the basal ganglia to downstream motor centers. 7 Family heritability studies provide strong support that TS is a genetic disorder. For example, the concordance rate is 86% for monozygotic twins versus 20% for dizygotic twins. 8 Chromosomes linked to TS include 2p32.2 and 13q31.1. 9, 10 Interactions between genetics and environment are also thought to play a signifi cant role. The concept of pediatric autoimmune neuropsychiatric disorders associated with streptococcal (PANDAS) infections has been proposed to explain an apparent temporal association between streptococcal infections and exacerbation of tics. According to this model, molecular mimicry between streptococcal antigens and endogenous brain antigens results in an autoimmune attack. 11 However, the identifi cation of specifi c antibodies against basal ganglia cells remains controversial. 12 
  MANAGEMENT OVERVIEW
Accurate diagnosis of TS is essential, and includes a complete history and neurologic examination. The tic phenomenology (complex vs simple) should be characterized, and the patient should be carefully questioned to identify the symptoms that are most bothersome (eg, motor or vocal tics, OCD, or ADHD). Pharmacotherapy should be reserved for problems that are functionally disabling and not remediable by nonpharmacologic interventions.
Treatment may also be required for other neuropsychiatric symptoms. Anxiety and depression have been reported in 19% to 80% of patients with tics, and depression is strongly correlated with the duration and severity of tics. 13, 14 Episodic outburst (rage), selfinjurious, OCD, antisocial, and oppositional behaviors are all more common among individuals with tic disorders. 15 Personality disorders may be related to OCD, ADHD, or to family or economic issues. Tic disorders are also associated with an increased incidence of somatic complaints, as well as higher rates of academic diffi culties, which may be related to ADHD or medications. Sleep disturbances affect an estimated 20% to 50% of patients, and may include diffi culty initiating or maintaining sleep, restlessness, movement-related arousal, or parasomnia. 16 Education is an important part of treatment, and may include the patient, family members, teachers or other school staff, and work colleagues. A number of behavioral or psychosocial approaches may help to improve tics, including conditioning techniques, relaxation training, biofeedback, habit reversal, awareness training, and hypnosis. 17 
  PHARMACOLOGIC TREATMENT: THREE TIERS
Options for the pharmacologic treatment of tics and TS include dopamine blockers, dopamine depleters, benzodiazepines, central alpha-adrenergic blockers, and botulinum toxin. Pharmacotherapy options can be divided into three tiers (Table) , with fi rst-tier drugs considered fi rst-choice treatments. 
GALVEZ-JIMENEZ

First-tier therapies
The alpha-adrenergic blockers clonidine and guanfacine are fi rst-tier therapies. Treatment should be initiated at a low dose and escalated gradually according to response, which is determined by the severity, and not the presence, of tics. Clonidine may be administered at a dose of 0.025 mg two or three times daily or, for maintenance, 0.1 mg three times daily; another option is 0.1, 0.2, or 0.3 mg weekly by transdermal administration. Guanfacine may be administered at a dose of 1 mg once daily. Alpha-adrenergic blockers are useful for the treatment of mild tics, and are considered fi rst-line therapy for tic suppression. Side effects may include dry mouth, somnolence, and, rarely, blood pressure fl uctuations. Agents that affect gamma-amino butyric acid (GABA) neurotransmission have been associated with improved symptoms of tic disorders. 18 For example, both clonazepam and diazepam have been reported to reduce TS symptoms. 18 Both of these benzodiazepines are associated with sedation, blunting of cognition, and exacerbation of depression, however.
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Second-tier therapies Second-tier therapies, consisting of neuroleptics, induce a rapid treatment response. Haloperidol may be started at a dose of 0.25 mg once daily, with a maintenance dosage of 0.5 to 3.0 mg/day. Cognitive blunting or extrapyramidal side effects are rare in patients with TS, but the potential for these side effects should be thoroughly discussed with the patient or parent/guardian before treatment. Pimozide 0.5 mg (2 to 6 mg/day for maintenance) may be associated with tremor or parkinsonian symptoms (predominantly akinesia). Risperidone 0.25 mg/day (0.5 to 4 mg/day for maintenance), olanzapine 2.5 mg/day (5 to 10 mg/day for maintenance), and quetiapine 25 mg twice daily (100 to 300 mg/day for maintenance) are associated with potential adverse effects of extrapyramidal symptoms, weight gain, and diabetes.
Third-tier therapies
Dopamine agonists (reserpine and tetrabenazine) and botulinum toxin are third-tier therapies. Reserpine, although rarely used in current clinical practice, may be administered at doses of 0.1 to 0.25 mg/day, titrating upward on the basis of clinical response. Tetrabenazine may be administered at a starting dose of 12.5 mg/day, with higher doses as needed depending on the response to treatment. Adverse effects include hypotension, sedation, extrapyramidal symptoms (predominantly parkinsonism), and depression. 21 The exact mechanism by which tetrabenazine produces this suppression effect is unknown, but it is believed to be related to its effect of reversibly depleting monoamines. At least three neuronal protein classes regulate the effects of dopamine on voluntary and involuntary movement. 22 The two presynaptic proteins are vesicular monoamine transporter subtype 2 (VMAT2) and dopamine transporter (DAT). Postsynaptically, dopamine activity is regulated by G-protein-linked dopamine receptors (eg, the D 2 receptor). Tetrabenazine reduces the uptake of monoamines (including dopamine) into synaptic vesicles by reversibly binding to VMAT2, resulting in degradation of dopamine within axon terminals by monoamine oxidases. 23 By blocking dopamine transport, tetrabenazine depletes dopamine with greater selectivity than it does other monoamines. 24 The dosage of tetrabenazine for the treatment of motor disorders, particularly chorea, was established in the Huntington Study Group (HSG) clinical trial. 25 In the HSG trial, a starting dose of 12.5 mg on day 1 was increased to 12.5 mg twice daily on days 2 to 7, and then by 12.5 mg/day at weekly intervals until the desired clinical effect, intolerable adverse effects, or a maximum dose of 100 mg/day was reached. Daily dosages of 37.5 mg or more are administered in three divided doses. Adverse events (reported in 70% of patients who received placebo and 91% of patients who received tetrabenazine) include sedation or somnolence, insomnia, and fatigue. 21 These fi ndings may be carried over to patients with tics.
Botulinum toxin may also help to control ticsespecially dystonic tics. The premonitory symptoms of TS are usually unaffected by botulinum toxin. 26 The adverse effect profi le for patients with TS is similar to that of patients with dystonia or facial dyskinesia, and may include soreness, transient weakness, ptosis (if injected for eye blinking), and mild transient dysphagia (if injected into the larynx). 27 
  MANAGING COMORBID CONDITIONS
Approximately 30% of patients with TS also have OCD. 28 Treatment options include selective serotonin reuptake inhibitors at standard doses, and the tricyclic antidepressant clomipramine (25 mg once or twice daily, or 75 mg/day in sustained-release form). Trazodone, a serotonin antagonist and reuptake inhibitor that is associated with a lower incidence of anticholinergic effects, may be initiated at a dose of 50 mg/day and slowly increased to 150 to 400 mg/day depending on clinical response.
As many as 60% of patients with TS may also have ADHD. 28 Methylphenidate is helpful for the treatment of ADHD and does not exacerbate tics, but it is a restricted medication. The recommended dose is 20 mg once daily, titrated upward as needed based on response. Atomoxetine carries a warning regarding increased risk of suicide. It has also been associated with an increased risk of sexual dysfunction and behavioral changes, including aggressive behaviors, agitation, and irratibility.
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  DEEP BRAIN STIMULATION
Deep brain stimulation (DBS) has been shown to improve TS in single-case studies and in small series, although the long-term benefi t is unclear. Potential targets of stimulation include midline thalamic centromedian-parafascicular (CM-PF) nuclei, the ventralis oralis complex of the thalamus, motor and limbic globus pallidus pars interna (GPi), and the anterior limb of the internal capsule. 30 In particular, stimulation of the sensorimotor GPi may ameliorate hyperkinetic states.
One report described the results of DBS implantation in a 15-year-old boy with TS who had not responded to several pharmacologic treatment options. 31 Six months after implantation, the patient exhibited markedly improved tic severity as measured using the Yale Global Tic Severity Scale, including a 76% reduction in motor tic severity, 68% reduction in vocal tics, and a complete resolution of impairment. 31 Published consensus criteria for the selection of suitable candidates for DBS include age greater than 25 years, chronic and severe tics with severe functional impairment for at least 12 months, tics that are frequent and noticeable in most situations most of the time, failure of conventional medical therapy, medical stability for 6 months, and willingness to participate in ongoing psychologic interventions. 32 Exclusion criteria include the presence of another medical condition that could explain the tics, an unstable medical condition, being considered likely to benefi t from psychologic interventions, psychosocial factors that may complicate the recovery process or make it diffi cult to assess outcome, and unwillingness to participate in ongoing treatment for psychosocial problems or risk factors. Other factors that should be considered include comorbidities, the variability in tic severity over time, the involvement of a multidisciplinary treatment team, results of a thorough neuropsychologic assessment, expertise of the surgical team, and access to imaging facilities for presurgical mapping and postsurgical evaluation.
  SUMMARY AND CONCLUSIONS
Tourette syndrome is not uncommon among the adult population of a typical neurology practice, and should not be considered exclusively a pediatric diagnosis. Several treatment options are available, including behavioral approaches and several medications. Treatment should focus on the most disabling symptoms. Neuropsychologic assessment and psychiatric support may be necessary for some patients. The same comorbidities that are encountered in children are usually evident in adult patients as well. In medically refractory cases, DBS surgery may be helpful.
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